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(57) Abstract 



An article of manufacture includes an oxygen scavenger, and a polymer selected from the group consisting of a polymer derived from 
a propylene monomer, a polymer derived from a methyl aciylatc monomer, a polymer derived from a butyl acrylate monomer, a polymer 
derived from a methacrylic acid monomer, polyethylene tcrcphthalate glycol (PETG), amorj^ous nylon, ionomer, and a polymeric blend 
indluding a polyterpene. The article can be in the form of e.g. a film, a polymeric functional barrier coating on an oxygen scavenging 
lacquer, or a gasket. A package can be made from this article for containing an oxygen-sensitive article such as food. The described 
polymers reduce or block the migration of odor causing by-products of an oxygen scavenging process. A method of making an article of 
manufacture having reduced migration of by-products of an oxygen scavenging reaction includes providing an article including an oxygen 
scavenger and the above-described polymer, and exposing the article to actinic radiation. 
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FUNCTIONAL BARRIER IN OXYGEN SCAVENGING FILM 

This application claims the benefit of U.S. Provisional Application 
No, 60/013,013, filed March 7, 1996. 

5 

FIELD OF THE INVENTION 

The invention generally relates to an article and method for scav- 
enging by-products of an oxygen scavenging reaction. 

10 BACKGROUND OF THE INVENTION 

It is well known that limiting the exposure of oxygen-sensitive 
products to oxygen maintains and enhances the quality and ^'shelf-life" 
of the product. In the food packaging industry, several means for 
regulating oxygen exposure have already been developed. 

15 These means include modified atmosphere packaging (MAP) for 

modifying the interior environment of a package; gas flushing; vac- 
uum packaging; vacuum packaging combined with the use of oxygen 
barrier packaging materials; etc. Oxygen barrier films and laminates 
reduce or retard osg^gen permeation from the outside environment into 

20 the package interior. 

Another method currently being used is through "active packag- 
ing." The inclusion of oxygen scavengers within the cavity or interior of 
the package is one form of active packaging. Typically, such oxygen 
scavengers are in the form of sachets which contain a composition 

25 which scavenges the oxygen through chemical reactions. One type of 
sachet contains iron compositions which oxidize. Another type of sa- 
chet contains unsaturated fatty acid salts on a particulate adsorbent. 
Yet another type of sachet contains a metal/ polyamine complex as dis- 
closed in WO88/06641. 

30 One disadvantage of sachets is the need for additional packaging 

operations to add the sachet to each package. A further disadvantage 
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arising from some sachets is that certain atmospheric conditions (e.g., 
high humidity, low CO2 level) in the package are required in order for 
scavenging to occur at an adequate rate. 

Another means for limiting the exposure to oxygen involves in- 
corporating an oxygen scavenger into the packaging structure itself. 
This achieves a more uniform scavenging effect throughout the pack- 
age. This may be especially important where there is restricted air cir- 
culation inside the package. In addition, such incorporation can pro- 
vide a means of intercepting and scavenging ojcygen as it passes 
through the walls of the package (herein referred to as an ^'active oxy- 
gen barrier*), thereby maintaining the lowest possible oxygen level 
throughout the package. 

One attempt to prepare an oxygen-scavenging wall involves the 
incorporation of inorganic powders and /or salts. However, incorpora- 
tion of these powders and/or salts causes degradation of the wairs 
transparency and mechanical properties such as tear strength. In 
addition, these compounds can lead to processing difiiculties, especially 
in the fabrication of thin films, or thin layers within a film structure. 
Even further, the scavenging rates for walls containing these com- 
pounds are unsuitable for some commercial oxygen-scavenging appli- 
cations, e.g. such as those in which sachets are employed. 

Other efforts have been directed to incorporating a metal cata- 
lyst-polyamide oxygen scavenging system into the package wall. How- 
ever, this system does not exhibit oxygen scavenging at a commercially 
feasible rate. 

Oxygen scavengers suitable for commercial use in films of 
the present invention are disclosed in U.S. Patent No. 5,350,622, and a 
method of initiating OT^gcn scavenging generally is disclosed in U.S. 
Patent No 5,2 11, 875. Both applications are incorporated herein by ref- 
erence in their entirety. According to U.S. Patent No. 5,350,622, oxygen 
scavengers are made of an ethylenically unsaturated hydrocarbon and 
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transition metal catalyst. The preferred ethylenically unsaturated hy- 
drocarbon may be either substituted or unsubstituted. As deiined 
herein, an unsubstituted ethylenically unsaturated hydrocarbon is any 
compound which possesses at least one aliphatic carbon-carbon double 

5 bond and comprises 100% by weight carbon and hydrogen. A substi- 
tuted ethylenically unsaturated hydrocarbon is defined herein as an 
ethylenically unsaturated hydrocarbon which possesses at least one 
aliphatic carbon-carbon double bond and comprises about 50% - 99% 
by weight carbon and hydrogen. Preferable substituted or unsubsti- 

10 tuted ethylenically unsaturated hydrocarbons are those having two or 
more ethylenically unsaturated groups per molecule. More preferably, 
it is a polymeric compound having three or more ethylenically unsatu- 
rated groups and a molecular weight equal to or greater than 1,000 
weight average molecular weight. 

15 Preferred examples of unsubstituted ethylenically unsaturated 

hydrocarbons include, but are not limited to, diene polymers such as 
polyisoprene, (e.g., trans-polyisoprene) and copolymers thereof, cis and 
trans 1,4-polybutadiene, 1,2-polybutadienes, (which are defined as 
those polybutadienes possessing greater than or equal to 50% 1,2 mi- 

20 crostructure), and copolymers thereof, such as styrene-butadiene co- 
pol3rmer. Such hydrocarbons also include polymeric compounds such 
as polypentenamer, polyoctenamer, and other poljnners prepared by 
cyclic olefin metathesis; diene oligomers such as squalene; and poly- 
mers or copolymers with unsaturation derived from dicyclopentadiene, 

25 norbomadiene, 5-ethylidene-2-norbomene, 5-vinyl-2-norbomene, 4- 
vinylcyclohexene, 1,7-octadiene, or other monomers containing more 
than one carbon-carbon double bond (conjugated or non-conjugated). 

Preferred substituted ethylenically unsaturated hydrocarbons 
include, but are not limited to, those with oxygen-containing moieties, 

30 such as esters, carboxylic adds, aldehydes, ethers, ketones, alcohols, 
peroxides, and/ or hydroperoxides. Specific examples of such hydro- 



wo 97/32925 PCTAJS97/03528 

4 

carbons include, but are not limited to, condensation poljrmers such as 
polyesters derived from monomers containing carbon-carbon double 
bonds, and unsaturated fatty acids such as oleic, ricinoleic, dehydrated 
ricinoleic, and linoleic acids and derivatives thereof, e.g. esters. Such 

5 hydrocarbons also include poljrmers or copolymers derived from 

(meth)allyl (methjacrylates. Suitable oxygen scavenging polymers can 
be made by trans-esterification. Such polymers are disclosed in WO 
95/02616, incorporated herein by reference as if set forth in full. The 
composition used may also comprise a mixture of two or more of the 

10 substituted or unsubstituted ethylenically unsaturated hydrocarbons 
described above. While a weight average molecular weight of 1,000 or 
more is preferred, an ethylenically unsaturated hydrocarbon having a 
lower molecular weight is usable, provided it is blended with a film- 
forming polymer or blend of polymers. 

15 As will also be evident, ethylenically unsaturated hydrocarbons 

which are appropriate for forming solid transparent layers at room 
temperature are preferred for scavenging oj^rgen in the packaging arti- 
cles described above. For most applications where transparency is 
necessary, a layer which allows at least 50% transmission of visible 

20 light is preferred. 

When making transparent oxygen-scavenging layers according to 
this invention, 1,2-polybutadiene is especially preferred for use at room 
temperature. For instance, 1,2-polybutadiene can exhibit transpar- 
ency, mechanical properties and processing characteristics similar to 

25 those of polyethylene. In addition, this polymer is found to retain its 
transparency and mechanical integrity even after most or all of its oxy- 
gen uptake capacity has been consumed, and even when little or no 
diluent resin is present. Even further, 1,2-polybutadiene exhibits a 
relatively high oxygen uptake capacity and, once it has begun to scav- 

30 enge, it exhibits a relatively high scavenging rate as well. 
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When oxygen scavenging at low temperatures is desired, 1,4- 
polybutadiene, and copolymers of styrene with butadiene, and styrene 
with isoprene are especially preferred. Such compositions are disclosed 
in U.S. Patent No. 5,310,497 issued to Speer et al. on May 10, 1994 
5 and incorporated herein by reference as if set forth in full. In many 
cases it may be desirable to blend the aforementioned polymers with a 
polymer or copolymer of ethylene. 

Other oxygen scavengers which can be used in connection with 
this invention are disclosed in U.S. Patent Nos. 5, 075,362 (Hofeldt et 
10 aJ.), 5, 106,886 (Hofeldt et al.), 5, 204,389 (Hofeldt et al.), and 

5, 227,41 1 (Hofeldt et al.), all incorporated by reference herein in their 
entirety. These oxygen scavengers include ascorbates or isoascorbates 
or mixtures thereof with each other or with a sulfite, often sodium sul- 
fite. 

15 Still other o?^gen scavengers which can be used in connection 

with this invention are disclosed in PCT patent publications WO 
91/17044 (Zapata Industries), WO94/09084 (Aquanautics Corpora- 
tion), and WO88/06641, all incorporated by reference herein in their 
entirety. These oxygen scavengers include an ascorbate with a transi- 

20 tion metal catalyst, the catalyst being a simple metal or salt or a com- 
pound, complex or chelate of the transition metal; a transition metal 
complex or chelate of a polycarboxylic or salicylic acid, optionally with a 
reducing agent such as ascorbate, where the transition metal complex 
or chelate acts primarily as an oxygen scavenging composition; and a 

25 transition metal complex or chelate of a polyamine. 

Yet other oxygen scavengers which can be used in connection 
with this invention are disclosed in PCT patent publication WO 
94/12590 (Commonwealth Scientific and Industrial Research Organi- 
sation), incorporated by reference herein in its entirety. These oxygen 

30 scavengers include at least one reducible organic compound which is 
reduced under predetermined conditions, the reduced form of the com- 
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pound being oxidizable by molecular oxygen, wherein the reduction 
and/or subsequent oxidation of the organic compound occurs inde- 
pendent of the presence of a transition metal catalyst. The reducible 
organic compound is preferably a quinone, a photoreducible dye, or a 

5 carbonyl compound which has absorbence in the UV spectrum. 

Sulfites, alkali metal salts of sulfites, and tannins, are also con- 
templated as oxygen scavenging compounds. 

As indicated above, the ethylenically unsaturated hydrocarbon is 
combined with a transition metal catalyst. While not being bound by 

10 any particular theory, the inventors observe that suitable metal cata- 
lysts are those which can readily interconvert between at least two oxi- 
dation states. See Sheldon, R. A.; Kochi, J. K.; "Metal-Catalyzed Oxi- 
dations of Organic Compounds" Academic Press, New York 1981. 

Preferably, the catalyst is in the form of a transition metal salt, 

15 with the metal selected from the first, second or third transition series 
of the Periodic Table. Suitable metals include, but are not limited to, 
manganese II or III, iron II or III, cobalt II or III, nickel II or III, copper I 
or II, rhodium II, III or IV, and ruthenium II or III. The oxidation state of 
the metal when introduced is not necessarily that of the active form. 

20 The metal is preferably iron, nickel or copper, more preferably manga- 
nese and most preferably cobalt. Suitable counterions for the metal 
include, but are not limited to, chloride, acetate, stearate, palmitate, 
caprylate, linoleate, tallate, 2-ethylhexanoate, neodecanoate, oleate or 
naphthenate. Particularly preferable salts include cobalt (II) 2- 

25 ethylhexanoate, cobalt stearate, and cobalt (II) neodecanoate. The 

metal salt may also be an ionomer, in which case a pol3niieric counte- 
rion is employed. Such ionomers are well known in the art. 

The ethylenically unsaturated hydrocarbon and transition metal 
catalyst can be further combined with one or more polymeric diluents, 

30 such as thermoplastic polymers which are typically used to form film 
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layers in plastic packaging articles. In the manufacture of certain 
packaging articles well known thermosets can also be used as the 
polymeric diluent. 

Polymers which can l>e used as the diluent include, but are not 

5 Umited to, polyethylene terephthalate (PET), polyethylene, low or very 
low density polyethylene, ultra-low density polyethylene, linear low 
density polyethylene, polypropylene, polyvinyl chloride, polystyrene, 
and ethylene copolymers such as ethylene- vinyl acetate, ethylene-alkyl 
(meth)acrylates, ethylene-(meth)acrylic acid and ethylene-{meth)acrylic 

10 acid ionomers. Blends of different diluents may also be used. However, 
as indicated above, the selection of the polymeric diluent largely de- 
pends on the article to be manufactured and the end use. Such selec- 
tion factors are well known in the art. 

Further additives can also be included in the composition to im- 

15 part properties desired for the particular article being manufactured. 
Such additives include, but are not necessarily limited to, fillers, pig- 
ments, dyestufifs, antioxidants, stabilizers, processing aids, plasticizers, 
fire retardants, anti-fog agents, etc. 

The mixing of the components listed above is preferably accom- 

20 plished by melt-blending at a temperature in the range of 50*'C to 

300°C. However alternatives such as the use of a solvent followed by 
evaporation may also be employed. The blending may immediately 
precede the formation of the finished article or preform or precede the 
formation of a feedstock or masterbatch for later use in the production 

25 of finished packaging articles. 

Although these technologies offers great potential in packaging 
applications, it has been found that oxygen scavenging structures can 
sometimes generate reaction byproducts which can affect the taste and 
smell of the packaged material (i.e. organoleptic properties), or raise 

30 food regulatory issues. These by-products can include organic acids, 
aldehydes, ketones, and the like. 
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This problem can be minimized by the use of polymeric func- 
tional barriers. A polymeric functional barrier is a polymeric material 
which acts as a selective barrier to by-products from the oxygen scav- 
enging reaction, but is not itself a significant barrier to ojqrgen. The 
5 functional barriers are selected from the group consisting of one or 
more of the following: polymers comprising a propylene monomer, 
polymers comprising a methyl acrylate monomer, polymers comprising 
a raethacrylic acid monomer, polyethylene terephthalate glycol (PETG), 
amorphous nylon, ionomer, and polymeric blends comprising a 

10 polyterpene. Such functional barrier polyterpene blends are disclosed 
in WO 94/06626 to Balloni et al which is incorporated her by reference 
as if set forth in full. Examples include but are not limited to polypro- 
pylene, propylene/ ethylene copoljnmers, ethylene/methacrylic acid co- 
polymer, and ethylene /methyl acrylate copolymer. The functional bar- 

15 rier poljonerls) may further be blended with another poljnner to modify 
the oxygen permeability as required by some applications. The func- 
tional barriers can be incorporated into one or more layers of a multi- 
layer film or container which includes an oxygen scavenging layer. 
However, one of ordinary skill in the art will readily recognize that the 

20 present invention is applicable to any oxygen scavenging system that 
produces by-products such as organic acids, aldehydes, ketones, and 
the like. 

Polymeric functional barriers for oxygen scavenging applications 
are disclosed in WO 96/08371 to Ching et a/, which is incorporated 

25 here as if set forth in full. The materials in this case are high glass 
transition temperature (Tg) glassy polymers such as Polyethylene tere- 
phthalate (PET) and nylon 6 that are preferably further oriented. Con- 
versely, the inventors of this application have surprisingly found certain 
low Tg polymers and their blends to be useful functional barrier mate- 

30 rials. 
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In certain applications of o^gen scavenging, it is desirable to 
achieve rapid scavenging of oiqrgen from the headspace of a package. 
In order to accomplish this, the functional barrier layer(s) must be 
relatively highly permeable to o^grgen while maintaining functional bar- 

5 rier attributes {i.e., preventing the migration of small organic mole- 
cules). In these cases, it is preferred that the oxygen permeability of 
the functional barrier be greater than about 3,000 cc O2 per m^ per day 
per atmosphere (tested at 1 mil thick and at 25 ^^C), preferably greater 
than 5,000, more preferably greater than 8,000 and most preferably 

10 greater than 10,000 cc O2 per m^ per day per atmosphere (tested at 1 
mil thick and at 25 °C at ASTM D3985). The higher the permeability of 
the layer(s) interposed between the o>«ygen scavenger and the head- 
space of the package, the faster that oxygen can be scavenged from the 
headspace. The exact oxygen permeability required for a given applica- 

15 tion can readily be determined through experimentation by one skilled 
in the art. Higher oxygen permeability can readily be accomplished by 
blending the functional barrier polymer with any polymer which has a 
substantially higher oxygen permeability. Useful polymers for blending 
with functional barrier polymers include but are not limited to polymers 

20 and copolymers of alkyl acrylates, especially ethylene /butyl acrylate, 
ethylene/vinyl acetate copolymers, and the like. 
DEFINITIONS 

"Film" herein means a film, laminate, sheet, web, coating, or the 
like which can be used to package a product. 
25 "Ojgrgen scavenger* (OS) and the like herein means a composi- 

tion, article or the like which consumes, depletes or reacts with oxygen 
from a given environment. 

"Actinic radiation'' herein means any form of radiation, such as 
ultraviolet radiation, or electron beam radiation, as disclosed in U.S. 
30 Patent No. 5.21 1,875 (Speer et al.) incorporated herein by reference in 
its entirety. 
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"Functional barrier^ herein means a polymeric material which 
acts as a selective barrier to by-products from the ojq^gen scavenging 
reaction but not to oxygen, 

"LLDPE* herein means linear low density polyethylene, which is 
5 an ethylene/ alpha-olefm copolymer. 

"EVOH" herein means ethylene /vinyl alcohol copolymer. 
"EVA** herein means ethylene /vinyl acetate copolymer, 
**Potymer^ and the like herein means a homopolymer, but also 
copolymers thereof, including bispolymers, terpolymers, etc. 
10 "Ethylene/alpha-olefin copolymer" and the like herein means such 

heterogeneous materials as linear low density polyethylene (LLDPE), linear 
medium density polyethylene (LMDPE) and very low and ultra low density 
polyethylene (VLDPE and ULDPE); and homogeneous polymers such as 
metallocene catalyzed polymers such as EXACT (TM) materials supplied by 
15 Exxon, and TAFMER (TM) materials supplied by Mitsui Petrochemical 
Corporation. These materials generally include copolymers of ethylene 
with one or more comonomers selected from Ci to Cio alpha-olefins such 
as butene-1 (Le., 1-butene), hexene-1, octene-1, etc. in which the 
molecules of the copolymers comprise long chains with relatively few side 
20 chain branches or cross-linked structures. This molecular structure is to 
be contrasted with conventional low or medium density polyethylenes 
which are more highly branched than their respective counterparts. Other 
ethylene/a-olefin copolymers, such as the long chain branched 
homogeneous ethylene/a-olefin copotymers available from the Dow 
25 Chemical Company, known as AFFINITY (TM) resins, are also included as 
another type of ethylene alpha-olefin copolymer useful in the present 
invention. It is further contemplated that single-site catalyzed 
polyethylenes, known as VersipoF^ (DuPont), will be useful in the present 
invention. 

30 As used herein, the term "polyamide" refers to polymers having 

amide linkages along the molecular chain, and preferably to synthetic 



wo 97/32925 PCT/US97A)3528 

11 

polyamides such as nylons. Furthermore, such term encompasses both 
polymers comprising repeating units derived from monomers, such as ca- 
prolactam, which polymerize to form a polyamide, as well as copolymers of 
two or more amide monomers, including nylon terpolymers, also referred 
5 to generally as "copolyamides" herein. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, an article comprises an oxygen 
scavenger and a polymer selected from the group consisting of a poly- 

10 mer derived from a propylene monomer, a poljrmer derived from a 
methyl aciylate monomer, a pol3niier derived from a butyl aciylate 
monomer, a polymer derived from a methacrylic acid monomer, poly- 
ethylene terephthalate glycol (PETG), amorphous nylon, ionomer, and a 
polymeric blend comprising a polyterpene. 

15 In a second aspect of the invention, a package comprises an oxy- 

gen sensitive article, and a container into which the oxygen sensitive 
article is disposed, the container including a component comprising a 
layer comprising an 03cygen scavenger, and a layer comprising a poly- 
mer selected from the group consisting of a polymer derived from a 

20 propylene monomer, a polymer derived from a methyl aciylate mono- 
mer, a pol3mier derived from a butyl acrylate monomer, a pol3mier de- 
rived from a methacrylic acid monomer, polyethylene terephthalate gly- 
col (PETG), amorphous nylon, ionomer, and a polymeric blend compris- 
ing a polyterpene. 

25 In a third aspect of the Invention, a method of making an article 

having reduced migration of by-products of an oxygen scavenging reac- 
tion comprises providing an article comprising a layer comprising an 
ojqrgen scavenger, and a layer comprising a pol3aner selected from the 
group consisting of a polymer derived from a propylene monomer, a 

30 polymer derived from a methyl acrylate monomer, a polymer derived 
from a butyl acrylate monomer, a poljnner derived from a methacrylic 
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acid monomer, polyethylene terephthalate glycol (PETG), amorphous 
nylon, ionomer, and a poljrmeric blend comprising a polyterpene; and 
exposing the article to actinic radiation. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be further understood with reference to the 
drawings wherein Figures 1 through 5 are schematic cross-sections of 
various embodiments of a film of the present invention; and Figures 6 
through 1 1 graphically illustrate acetaldehyde concentration with time 
10 for various films of the invention, and comparative examples. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention can be used to make various articles of manufac- 
ture, compounds, compositions of matter, coatings, etc. Three pre- 

15 ferred forms are: sealing compounds or gaskets; a polymeric functional 
barrier coating on an oxygen scavenging lacquer; and flexible films, all 
useful in packaging of food and non-food products. 

It is known to use sealing compounds in the manufacture of gas- 
kets for the rigid container market. Large, wide diameter gaskets are 

20 t3rpically made using a liquid plastisol. This plastisol is a highly vis- 
cous, liquid suspension of polymer particles in a plasticizer. In the 
manufacture of metal or plastic caps, lids, and the like, this liquid 
plastisol is applied to the annulus of a container such as a jar, and the 
container with the applied plastisol is ^fluxed" in an oven to solidify the 

25 plastisol into a gasket. The result is a gasket formed around the annu- 
lus of the container. 

Smaller gaskets are typically made for use in beer crowns in bot- 
tles. A polymer melt is applied by cold molding to the entire inner sur- 
face of the crown. Both PVC and other polymers are used in this appli- 

30 cation. 
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Discs for plastic caps are typically made by taking a ribbon of 
gasket material and making discs, and inserting the discs into the 
plastic cap. 

In all of these applications, the use of an oxygen scavenger and a 
5 polymeric functional barrier beneficially provides removal of oxygen 
from the interior environment of the container, while controlling unde- 
sirable by-products of the oxygen scavenging reaction. 

Thus, a gasket includes an oxygen scavenger, and a polymeric 
functional barrier. The gasket adheres a metal or plastic lid or closure 
10 to a rigid or semi-rigid container, thus sealing the lid or closure to the 
container. 

A lacquer for cans or other rigid or semi-rigid containers can 
contain an oxygen scavenging material, e.g. of the type described 
herein, and be coated with a polymeric functional barrier. 

15 Film of the invention can been made by any conventional means, 

including coextrusion, lamination, extrusion coating, solution coating, 
or corona bonding, and then optionally irradiated and/or oriented. 
They can be made heat shrinkable through orientation or tenterframing 
if desired, at orientation ratios of 1:2 to 1:9 in either or both of the ma- 

20 chine and transverse directions. For shrink applications, they can be 
made to have a free shrink of at least 10%, more preferably at least 
20%, most preferably at least 30%, in either or both directions at 90°C. 
The polymeric functional barrier can be used in more than one layer of 
the multilayer film. Different polymeric functional barriers can be used 

25 in the same film. Although it is preferred that the polymeric functional 
barrier be used in the film and as a packaging material such that the 
polymeric functional barrier is disposed closer to the contents of the 
package, which can be food or any oxygen-sensitive product, than the 
oxygen scavenger, there may be applications where the polymeric func- 

30 tional barrier is disposed ^outside of the oxygen scavenger, such that 
the o>cygen scavenger is disposed closer to the contents of the package 
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than the polymeric functional barrier. The polymeric functional barrier 
can also be disposed on both sides of the oxygen scavenger. 

Alternatively, the functional barrier, In addition to or instead of 
the arrangements described elsewhere herein, can be disposed in the 

5 same layer or layers as the oxygen scavenging material. Thus, by way 
of example, any of layers 14, 34, 44, and 54 of the examples and fig- 
ures can include any suitable percent, by weight of the layer, of the 
functional barrier. Any suitable polymeric materials can be employed 
in films containing the functional barrier, and are not limited to those 

10 listed herein. 

Polymeric functional barriers disclosed herein can thus be used 
beneficially with and in films and coatings, or absorbed into, or ad- 
sorbed onto, a variety of other supports for scavenging or other uses, 
such as a layer or coating on another object, or as a bottle cap or bottle 

15 liner, as an adhesive or non-adhesive insert, sealant , gasket, fibrous 
matte or other inserts, or as a non-integral component of a rigid, semi- 
rigid, or flexible container. 

Referring to Figure 1, a multilayer film 10 is shown, having layer 
12 and layer 14. 

20 Figure 2 shows a multilayer film with layers 12, 14, and 16. Lay- 

ers 12, 14, and 16 are preferably polymeric. 

Layer 12 comprises a polymer selected from the group consisting 
of a polymer derived from a propylene monomer, a polymer derived 
from a methyl acrylate monomer, a polymer derived from a butyl acry- 

25 late monomer, a polymer derived from a methaciylic acid monomer, 
polyethylene terephthalate glycol (PETG), amorphous nylon, ionomer, 
and a polymeric blend comprising a poljrterpene. These materials can 
act as a functional barrier to the migration or extraction of by-products 
of an oxygen scavenging reaction occurring within the film. 
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Layer 14 comprises an o^grgen scavenger, preferably a polymeric 
o>q^gen scavenger, more preferably one of the materials described 
above. 

Layer 16 comprises an oxygen barrier material, such as ethyl- 

5 ene/ vinyl alcohol copolymer (EVOH), Saran (vinylidene chloride co- 
pol3mier), polyester, polyamide, metal, etc. 

Figure 3 shows a laminated film in which a three layer film is ad- 
hered to a second film. Layers 32, 34, and 36 correspond functionally 
and compositionally to 12, 14, and 16 respectively of Figure 2, and 

10 layer 38 is an intermediate layer which can comprise any polymeric 

material such as polyolefin, more preferably ethylenic polymers such as 
ethylenc/alpha-olefin and ethylene /unsaturated ester copolymers, 
more preferably ethylene vinyl acetate copolymer. Layer 3 1 represents a 
conventional adhesive such as poljrurethane adhesive. Comparative 2 

15 in Table 6 exemplifies the laminated film of Figure 3. 

Figure 4 shows a laminated film in which a four layer film is ad- 
hered to a second film. Layers 42, 44, 46 and 48 correspond func- 
tionally and compositionally to layers 32, 34, 36 and 38 respectively of 
Figure 3. Layer 49 is an innermost heat scalable layer which can com- 

20 prise any polymeric material such as polyolefin, more preferably eth- 
ylenic polymers such as ethylene/alpha-olefin and ethyl- 
ene/unsaturated ester copolymers, such as ethylene vinyl acetate co- 
polymer. Layer 46 provides oxygen barrier to the film structure, and 
adheres to layer 48 by means of conventional adhesive 41. This adhe- 

25 sive corresponds to layer 3 1 of Figure 3, and is shown simply as a 
thickened line. Examples 2 and 3 of Table 6 exemplify the laminated 
fQm of Figure 4. 

Figure 5 shows a nine layer film. Example 1 and Comparative 1 
in Table 2 exemplify the film of Figure 5. 
30 Layer 57 is an abuse-resistant layer useful as an outermost layer 

of a film when used in a packaging application. 
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Layers 54 and 56 correspond functionally to layers 14 and 16 re- 
spectively of Figures 2 and 3, as well as to layers 44 and 46 respectively 
of Figure 4. 

Layers 52, 53, 58 and 59 comprise an adhesive. The adhesive is 
5 preferably polymeric, more preferably acid or acid anhydride-grafted 
polyolefins. In addition, these layers can comprise a polymeric func- 
tional barrier of the type described for layer 12. 

Layer 55 comprises a heat resistant material. This can be any 
suitable polymeric material, preferably an amide polymer such as nylon 
10 6, or a polyester such as polyethylene terephthalate. Layer 55 can also 
comprise a polymeric functional barrier of the type described for layer 
12. 

Layer 51 comprises a heat scalable material. This can be any 
suitable polymeric material, preferably an olefinic polymer such as an 
15 ethylenic polymer, more preferably an ethylene/alpha olefin copolymer. 

Figures 6 through 1 1 each illustrate a graph in which the hori- 
zontal axis represents time in minutes, and the vertical axis rep- 
resents the acetaldehyde migrationthrough the examples in units rep- 
resenting the area under the curve of gas chromatograph peak areas. 
20 In Figure 6, the curve plotted by the diamond shaped symbol rep- 

resents the acetaldehyde migration over time through the film of Ex- 
ample 1; the curve plotted by the square shaped symbol represents the 
acetaldehyde migration over time through the film of Example 2; and 
the curve plotted by the triangle shaped symbol represents the acetal- 
25 dehyde migration over time through the film of Example 3. 
In like manner to the above: 

in Figure 7, the diamond shaped symbol represents Example 4, 
the square shaped symbol represents Example 5, and the triangle 
shaped symbol represents Example 6; 
30 in Figure 8, the hollow square shaped symbol represents Exam- 

ple 7, the solid (black) square shaped symbol with dotted line repre- 
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sents Comparative Example 1, the hollow triangle shaped symbol rep- 
resents Example 8, and the solid (black) triangle shaped symbol with 
dotted line represents Comparative Example 2; 

in Figure 9, the square shaped symbol represents Example 9, the 
triangle shaped symbol represents Example 10, and the dotted line rep- 
resents Comparative Example 3; 

in Figure 10, the square shaped symbol represents Example 11, 
the triangle shaped symbol represents Example 12, and the dotted line 
represents Comparative Example 4; and 

in Figure 1 1 , the diamond shaped symbol represents Example 
13, the square shaped symbol represents Example 14, the triangle 
shaped symbol represents Example 15, the asterisk shaped symbol 
represents Example 16, and the dotted line represents Comparative 
Example 5. 

The invention may be further understood by reference to the ex- 
amples shown below. Table 1 identifies the materials used in the ex- 
amples. 



TABLE 1 



MATERIAL 


TRADENAME 


SOURCE 


DESCRIPTION 


PEi 


Dowlex™ 2244A 


Dow 


LLDPE, an ethylene/ 1- 
octene copolymer with a 
density of .917 Km/cc 


PE2 


DowlexSOlO 


Dow 


LLDPE, an ethylene/ 1- 
octene copolymer with a 
density of 0.92 1 gm/ cc 


PEa 


PE 1017 


Chevron 


low density polyethylene 


ABi 


10,075 ACP 
Syloid™ concen- 
trate 


Tecknor 
Color 


89.8% low density poly- 
ethylene (Exxon LD 
203.48) + 10% synthetic 

amorphous silica 
(Syloid™ 74X6500 from 
Davison Chemical) + 
0.2% calcium stearate 


EV, 


LD 318.92 


Exxon 


ethylene vinyl acetate co- 
polymer with 9% vinyl 
acetate comonomer 
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E/Va 


Jrilt 10 fO 




CLiljrlCXlC Vllljri civ^CtcltC V^fJ 

polymer with 3% vinyl 
acetate comonomer 


E/V3 


Ar* Ann A 


/UilCU 


polymer 


ADi 


Tymor™ 1203 


Morton In- 
ternationai 


anhydride-grafted LLDPE 


AD2 


Adcote 530 and 
Coreactant 


Morton In- 
ternational 


mixture of silane, isocy- 
anate, glycol, and alkyl 
acetate 


OBi 


LC-HIOIBD 


Evalca 


ethylene-vinyl alcohol 
copolymer witn oo /o 
cLiiyicnc comonomer 


OS. 


Vector 8508-D 


Dexco 


styrene-butadiene co- 
poiymer 


OS2 


RB-830 


JSR 


1 ,2-polybutadiene 


OS3 


VISTALON™ 

Of Uc5 


Exxon 


ethylene propylene diene 
xcrpoiymcr 




rTOiaX OoU i 


riinionL 


polypropylene 


PP2 


Escorene 
PD3345.E5 


Exxon 


polypropylene 


PECl 


Escorene 
PD9302.E1 


Exxon 


propylene-ethylene co- 
polymer witn o% etnyi- 
ene comonomer 


PTi 


Piccolyte C135 


Hercules 


polyterpene 


EMi 


SP2260 


Chevron 


ethylene methyl acrylate 

copoljnmer with 24% 
methyl acrylate comono- 
mer 


EM2 


Bynel E403 


DuPont 


adhesive resm based on 
ethylene-methyl acrylate- 
methacrylic acid ter- 
polymer 


EBi 


EA-7 19.009 


Quantum 


ethylene-butyl acrylate 
with 18% butyl acrylate 
comonomer 


EB2 


Lotiyl 30BA02 


Atochem 


ethylene-butyl acrylate 
with 30% butyl acrylate 
comonomer 




Niirr*»l 1909 




^tVii/lpriR-rnRt'hcjf^TvHp apiH 

copolymer with 12% 
methacrylic acid 


EAAi 


Primacor 1410 


Dow 


ethylene-acrylic acid co- 
polymer with 9.5% 
acrylic acid 


ION, 


DS-3088 


Chevron 


ionomer based on ethyl- 



wo 97/32925 



19 



PCT/US97/03528 









ene-methyl acrylate co- 
polymer 




DS-3076 


Chevron 


ionomer based on ethyl- 
ene-methyl acrylate co- 
polymer 


ION3 


SURLYNTM1650 


DuPont 


ionomer 


lON-i 


SURLYNTM1707 


DuPont 


ionomer 


PA, 


Ultramid™ KR 


BASF 


nylon 6 

( r\n\\ma tit*o1 n pfj^ m \ 


PA2 


Capron™ 7007 


Allied Signal 


a blend of 70% nylon 6 

nvlnn hflvincr hpx- 
ampthvlpne diamine, 
terephthalic acid, and 
isophthalic acid moieties 


PA3 


6763 


Eastman 


polyethylene terephtha- 
late clvcol 


PIi 


benzophenone 


Sartomer 


photoinitiator 


PI2 


benzoylbiphenyl 




photoinitiator 


CAT, 


cobalt oleate 


Shepherd 


a transition metal cata- 
lyst 


CAT2 


TENCEMTM 170 


OMG 


cobalt neodecanoate, a 
transition metal catalyst 


F, 


50m-44 Mylar™ 


DuPont 


saran-coated polyethyl- 
ene terephthalate film 



Certain materials were blended together for some of the film 
structures, and these blends are identified as follows: 
OSB, = 60% OS, + 38.93% EV, + 1.06% CAT, + 0.01% Irganox 1076 

5 (antioxidant) 

OSB2 = 60% OSi + 39.2% EVi + 0.5% EV3+ 0.3% CAT2 
OSB3 = 76.5% OS2 + 13.5% OS3 + 9.2% EV, + 0.5% PI, + 0.3% CAT2 
OSB, = 40% OS, + 54.83% EV, + 1.06% CAT, + 0.10% Pla + 0.01% Ir- 
ganox 1076 (antioxidant) 

10 PEE, = 85% PEi + 15% PT,. 
PEBa » 90% PEa + 10% ABi. 
EVE, = 85% EV, + 15% PT,. 
lONB, « 90% ION3 +10% AB,. 
PPB, = 60% PP2 + 40% EBa. 
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PPB2 = 40% PP2 + 60% EB2. 

It has been found that oxygen scavenging structures can gener- 
ate reaction by-products which can affect the taste and smell of the 
packaged material, or raise food regulatory issues. These by-products 
5 include aldehydes, acids, ketones and the like. An aldehyde migration 
test was developed to identify potential functional barriers. In this test, 
acetaldehyde was chosen as the model aldehyde compound because it 
is relatively mobile. The film sample was sandwiched between two 
halves of a cell with a clamp and two o-rings. Acetaldehyde was intro- 
10 duced to one half of the cell. A gas chromatograph was used to deter- 
mine the concentration of acetaldehyde which migrated through the 
film sample and into the other half of the cell. A functional barrier can 
significantly reduce acetaldehyde migration through the film sample. 
In Table 2, three monolayer films are disclosed. 

15 



TABLE 2 



EXAMPLE 


STRUCTURE 


1 


PEi 


2 


EV, 


3 


PP. 



The target (and approximate actual) gauge (in mils) of each monolayer 
was 2 mils. Acetaldehyde migration through the films are shown in 
20 Figure 6. Polypropylene can be considered a functional barrier. 
In Table 3, three monolayer films are disclosed. 

TABLE 3 



EXAMPLE 


STRUCTURE 


4 


PPi 


5 


PECi 


6 


EBi 
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The target (and approximate actual) gauge (in mils) of each monolayer 
was 2 mils. Acetaldehyde migration through the films are shown in 
Figure 7. Polypropylene and propylene-ethylene copolymers can be 
considered functional barriers. 
5 In Table 4, two monolayer films and two comparative monolayer 

films are disclosed. 



TABLE 4 



EXAMPLE 


STRUCTURE 


7 


PEBi 


COMP 1 


PEi 


8 


EVB, 


COMP 2 


EVi 



The target (and approximate actual) gauge (in mils) of each 
10 monolayer was 2 mils. Acetaldehyde migration through the films are 
shown in Figure 8. Blending a small amount of polyterpene with an- 
other polymer can increase the functional barrier properties of some 
polymers. 

In Table 5, two coextruded four-layer films in accordance with the 
15 invention, and a comparative four-layer film, are disclosed. 



TABLE 5 



EXAMPLE 


STRUCTURE 


9 


PE1/EM1/OSB1/EV2 


10 


PEi/EM2/OSB,/EV2 


COMP. 3 


PEi/PEi/OSB,/EV2 



The target (and approximate actual) gauge (in mils) of each layer of the 
20 invention and the comparative structure was: 



layer 1 


layer 2 


layer 3 


layer 4 


0.15 


0.15 


0.50 


1.20 
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During the acetaldehyde migration test, the oxygen scavenging 
reaction was not activated. Acetaldehyde migration through the films 
are shown in Figure 9. Ethylene-methyl acrylate copoljnners and ethyl- 
5 ene-methyl acrylate-methacrylic acid terpolymers can be considered 
functional barriers. 

In Table 6, two coextruded four-layer films in accordance with the 
invention, and a comparative four-layer film, are disclosed. 



TABLE 6 



EXAMPLE 


STRUCTURE 


11 


PEi/IONi/OSBi/EVa 


12 


PE1/ION2/OSB1/EV2 


COMP. 4 


PE1/PE1/OSB1/EV2 



10 

The target (and approximate actual) gauge (in mils) of each layer of the 



invention and the comparative structure was: 



layer 1 


layer 2 


layer 3 


layer 4 


0.15 


0.15 


0.50 


1.20 



During the acetaldehyde migration test, the oxygen scavenging reaction 
15 was not activated. Acetaldehyde migration through the films are shown 

in Figure 10. lonomers based on ethylene-methyl acrylate copolymers 

can be considered functional barriers. 

In Table 7, four coextruded three-layer films in accordance with 

the invention, and a comparative three-layer film, are disclosed. 
20 TABLE 7 



EXAMPLE 


STRUCTURE 


13 


ION3/OSB2/EV2 


14 


10N-I/OSB2/EV2 


15 


EAA1/OSB2/EV2 


16 


EMAA,/OSB2/EV2 
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COMP. 5 



PE1/OSB2/EV2 



10 



15 



The target (and approxiinate actual) gauge (in mils) of each layer of the 
invention and the comparative structure was: 



layer 1 


layer 2 


layer 3 


0.30 


0.50 


1.20 



During the acctaldehyde migration test, the oxygen scavenging reaction 
was not activated. Acctaldehyde migration through the films are shown 
in Figure 1 1 . Ethylene-methacrylic acid copolsncners can be considered 
functional barriers. 

In Table 8, three nine- layer film structures in accordance with 
the invention, and a comparative example, are disclosed. These were 
each made by a coextrusion of the layers. 

TABLE 8 



EXAMPLE 


STRUCTURE 


COMP. 6 


PEB2/AD1/OB1/AD1/OSB3/AD1/PA1/AD1/ PEB2 


17 


IONBi/ADi/OB,/AD,/OSB3/ ADi/PAi/ ADi/ lONBi 


18 


IONB,/AD,/0B,/AD,/OSB3/ ADi/PAa/ ADi/ lONB, 


19 


IONB1/AD1/OB1/AD1/OSB3/ AD1/PA3/ AD,/ lONBi 



The target (and approximate actual) gauge (in mils) of each layer of the 
nine-layer film structures is shown below. Layer 9 would preferably 
form the food or product contact layer in a typical packaging applica- 
tion. 



layer 
1 


layer 
2 


layer 
3 


layer 
4 


layer 
5 


layer 
6 


layer 
7 


layer 
8 


layer 
9 


1.35 


0.34 


0.50 


0.25 


1.00 


0.25 


1.50 


0.34 


1.35 



The films of Example 17, 18, and 19 and Comparative 6 were 
20 subjected to food law migration tests to evaluate whether functional 
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barriers could reduce the concentration of extractables. The films were 
triggered by ultraviolet light according to the procedure disclosed in 
U.S. Patent No 5,21 1,875. The films were converted into 280 cm^ 
pouches and the pouches were filled with the food simulant. The filled 
pouches were then retorted at 100°C for 30 minutes and stored at SO^'C 
for 10 days. The food simulant was decanted from the pouches and 
analyzed. Table 9 shows a list of potential extractables. Table 10 
shows the concentration of the same extractables, where the films were 
extracted with 8% ethanol solution. Table 1 1 shows the concentration 
of the same extractables, where the films were extracted with water. In 
both Tables 10 and 1 1, the concentration of each extractable is in units 
of nanograms/ milliliter. Functional barriers such as polyethylene tere- 
phthalate glycol and amorphous nylon can reduce the concentration of 
certain extractables which could cause regulatory issues. 



TABLE 9 



ABBREVIATION 


DESCRIPTION 


El 


acetaldehyde 


E2 


acetone 


Ea 


formaldehyde 


E4 


benzophenone 


Es 


triphenylphosphine oxide 


E5 


Permanax™ WSP (antioxidant)* 


E7 


dilaurylthiodipropionate 


Eb 


cobalt 



* Ea = 2,2 -methylene bis (4-ethyl-6-(l-methylcyclohexyl)phenol). 



TABLE 10 



EX. 


El 


Ea 


E3 


E4 


Es 


Ee 


Ey 


Es 


COMP. 6 


195 


<50 


160 


109 


<50 


<90 


<62 


<50 


17 


177 


<50 


166 


53 


<50 


<90 


<62 


<50 
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18 


145 


<50 


<50 


68 


<50 


<90 


<62 


<50 


19 


69 


<50 


<50 


<50 


<50 


<90 


<62 


<50 


TABLE 11 


EX. 


Et 


E2 


E3 


E4 


Es 


Ee 


E7 


Es 


COMP. 6 


84 


<50 


106 


<50 


<50 


<90 


<93 


<50 


17 


58 


<50 


92 


<50 


<50 


<90 


<93 


<50 


18 


<50 


<50 


77 


<50 


<50 


<90 


<93 


<50 


19 


58 


<50 


63 


<50 


<50 


<90 


<93 


<50 



In Table 12, a four-layer laminate structure in accordance with 
the invention, and one comparative four-layer laminate structure, are 
disclosed. The four-layer structures were each made by laminating a 
coextruded three-layer film, using a conventional adhesive, to a second 
film (= layer 4). 



TABLE 12 



EXAMPLE 


STRUCTURE 


20 


ION3/OSB3/EV2//AD2//F1 


COMP. 7 


PE1/OSB3/EV2//AD2//F, 



The target (and approximate actual) gauge (in mils) of each layer of the 
laminate structures of the invention and the comparative was: 



layer 1 


layer 2 


layer 3 


adhesive 


layer 4 


0.30 


0.50 


1.20 


(minimal) 


0.50 



Sliced bologna was stored in packages made from the films of Ex- 
ample 20 and Comparative 7. A sensory panel tasted the bologna slices 
to evaluate whether or not functional barriers can reduce the off-flavor 
caused by the byproducts of the oxygen-scavenging reaction. 
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The films were triggered by ultraviolet light according to the pro- 
cedure disclosed in U.S. Patent No 5,21 1,875. The films were converted 
into packages on a Multivac® R7000 packaging machine. Cryovac® 
T6070B film was used as the bottom web of the packages. Each pack- 
5 age contained one slice of bologna. Each package was flushed with a 
gas mixture consisting of 99% N2 and 1% O2. Packages were stored in 
the dark for 7 days at 40*'F. 

A sensory panel rated the taste of the l)ologna slices. The scale 
ranged from 1 to 6, with 1 indicating extreme off-Havor and 6 indicating 
10 no off-flavor. The average scores are summarized in Table 13. A func- 
tional barrier, such as an ionomer, can reduce the off-flavor caused by 
the byproducts of the o^^gen-scavenging reaction. 



Table 13 



Film 


Average Score 


20 


3.80 


COMP. 7 


3.05 



15 

In Table 14, a five-layer laminate structure in accordance with 
the invention, and one comparative five-layer laminate structure, are 
disclosed. The five-layer structures were each made by laminating a co- 
extruded four-layer film, using a conventional adhesive, to a second 
20 film {= layer 5). 



TABLE 14 



EXAMPLE 


STRUCTURE 


21 


PE1/EM1/OSB1/EV2//AD2//F, 


COMP. 8 


PEj/PEi/OSBi/EVaZ/ADaZ/Fi 



The target (and approximate actual) gauge (in mils) of each layer of the 
25 laminate structures of the invention and the comparative was: 
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layer 1 


layer 2 


layer 3 


layer 4 


adhesive 


layer 5 


0.15 


0.15 


0.50 


1.20 


(minimal) 


0.50 



Sliced turkey was stored in packages made from the films of Ex- 
ample 21 and Comparative 8. A sensory panel tasted the turkey slices 
to evaluate whether or not functional barriers can reduce the ofT-flavor 

5 caused by the byproducts of the oxygen-scavenging reaction. 

The films were triggered by ultraviolet light according to the pro- 
cedure disclosed in U.S. Patent No 5,21 1,875. The films were converted 
into packages on a Multivac® R7000 packaging machine. Cryovac® 
T6070B film was used as the bottom web of the packages. Each pack- 

10 age contained one slice of bologna. Each package was flushed with a 
gas mixture consisting of 99% N2 and 1% O2. Packages were stored in 
the dark for 7 days at 40°F. 

A sensory panel rated the taste of the turkey slices. The scale 
ranged from 1 to 6, with 1 indicating extreme off-flavor and 6 indicating 

15 no off-flavor. The average scores are summarized in Table 15. A func- 
tional barrier, such as an ethylene-methyl acrylate copolymer, can re- 
duce the off-flavor caused by the byproducts of the oxygen-scavenging 
reaction. 

20 Table 15 



Film 


Average Score 


21 


2.75 


COMP. 8 


1.00 



In Table 16, two five-layer laminate structures in accordance with 
the invention, and a comparative five-layer laminate structure, are dis- 
25 closed. The five-layer structures were each made by laminating a coex- 
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extruded four-layer film, using a conventional adhesive, to a second 
film (= layer 5). 



TABLE 16 



EXAMPLE 


STRUCTURE 


22 


PEi/PPB,/OSB4/PE3//AD2//F, 


23 


PE1/PPB2/OSB4/PE3//AD2//F, 


COMP. 9 


PE,/PE,/OSB4/EV2//AD2//F, 



5 



The target (and approximate actual) gauge (in mils) of each layer of the 



laminate structures of the invention and the comparative was: 



layer 1 


layer 2 


layer 3 


layer 4 


adhesive 


layer 5 


0.15 


0.15 


0.50 


1.00 


(minimal) 


0.50 



Sliced turkey breast was stored in packages made from the films 
10 of Examples 22 and 23 and Comparative 9. A sensory panel tasted the 
turkey slices to evaluate whether or not a functional barrier can reduce 
the off-flavor caused by the byproducts of the oxygen-scavenging reac- 
tion. 

The films were triggered by ultraviolet light according to the pro- 
15 cedure disclosed in U.S. Patent No 5,21 1,875. The films were converted 
into packages on a Multivac® R7000 packaging machine. Cryovac® 
T6070B film was used as the bottom web of the packages. Each pack- 
age contained one slice of turkey. Each package was flushed with a gas 
mixture consisting of 99% N2 and 1% O2. Packages were stored in the 
20 dark for 7 days at 40^F. 

A sensory panel rated the taste of the turkey slices. The scale 
ranged from 1 to 6, with 1 indicating extreme off-flavor and 6 indicating 
no off-flavor. Table 17 summarizes the percentage of the panelists 
which did not taste an off-flavor (i.e. a score of 6) in the packaged tur- 
25 key slices. In some cases, a functional barrier such as a polypropylene 
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blend can reduce the off-flavor caused by the byproducts of the oxygen- 
scavenging reaction. 



Table 17 



Film 


Percentage of Panelists which did 
not taste an off-flavor in the pack- 
aged turkey 


22 


17% 


23 


13% 


COMP. 9 


15% 



5 



Various changes and modifications may be made without depart- 
ing from the scope of the invention defined below. 
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WHAT IS CLAIMED IS: 

1. An article of manufacture comprising an oxygen scavenger and a 
polymer selected from the group consisting of a polymer derived 
from a propylene monomer, a polymer derived from a methyl acry- 

5 late monomer, a polymer derived from a butyl acrylate monomer, a 
polymer derived from a methacrylic acid monomer, polyethylene 
terephthalate glycol (PETG), amorphous nylon, ionomer, and a 
polymeric blend comprising a polj^erpene. 

2. The article of claim 1 wherein the article comprises a film. 
10 3. The film of claim 2 wherein the film comprises: 

a) a layer comprising an ojqrgen scavenger; and 

b) a layer comprising a polymer selected from the group consist- 
ing of a polymer derived from a propylene monomer, a poljmier 
derived from a methyl acrylate monomer, a polymer derived 

15 from a butyl acrylate monomer, a polymer derived from a 

methacrylic acid monomer, polyethylene terephthalate glycol 
(PETG), amorphous nylon, ionomer, and a polymeric blend 
comprising a pol5rterpene. 

4. The film of claim 2 wherein the film comprises a layer comprising 
20 an oxygen scavenger and a polymer selected from the group consisting 

of a polymer derived from a propylene monomer, a polymer derived 
from a methyl acrylate monomer, a poljrmer derived from a butyl acry- 
late monomer, a polymer derived from a methacrylic acid monomer, 
polyethylene terephthalate glycol (PETG), amorphous nylon, ionomer, 
25 and a polymeric blend comprising a polyterpene. 

5. The film of claim 2 wherein the oxygen scavenger comprises a 
material selected from the group consisting of: 

i) oxidizable compound and a transition metal catalyst, 

ii) ethylenically unsaturated hydrocarbon and a transition 
30 metal catalyst, 

iii) ascorbate. 
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iv) isoascorbate, 

v) sulfite, 

vi) ascorbate with a transition metal catalyst, the catalyst 
comprising a simple metal or salt, or a compound, complex 

5 or chelate of the transition metal, 

vii) a transition metal complex or chelate of a polycarboxylic 
acid, salicylic acid, or polyamine, 

viii) a reduced form of a quinone, a photoreducible dye, or a 
carbonyl compound which has absorbence in the UV spec- 
ie trum, and 

ix) tannin. 

6. The film of claim 2 further comprising an oxygen barrier layer. 

7. The filmof claim 2 further comprising an abuse resistant layer. 

8. The film of claim 2 further comprising a heat scalable layer. 

15 9. The film of claim 2 further comprising an intermediate adhesive 
layer disposed between any of the abuse-resistant layer and oxy- 
gen barrier layer, between the oxygen barrier layer and the layer 
comprising the oxygen scavenger, between the layer comprising 
the oxygen scavenger and the layer comprising the heat scalable 

20 layer, and between the layer comprising the oxygen barrier layer 

and the heat scalable layer* 

10. The film of claim 2 wherein the film is cross-linked. 

11. The film of claim 2 wherein the film is oriented. 

12. The film of claim 2 wherein the film is heat shrinkable. 

25 13. The article of claim 1 wherein the article is in the form of a poly- 
meric functional barrier coating on an oxygen scavenging lac- 
quer. 

14. The article of claim 1 wherein the article is in the form of a gas- 
ket. 

30 15. The article of claim 1 wherein at least one of the polymers b) is 
blended with a polymer selected from the group consisting of a 
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polymer derived from allqrl aciylate monomer, and a polymer de- 
rived from vinyl acetate monomer. 

16. The article of claim 1 wherein a layer formed from the polymer b) 
has an oxygen permeability of greater than 5,000 cc-mil per sq. 

5 meter per day per atmosphere at 25 "^C. 

17. A package comprising: 

a) an oxygen sensitive article; and 

b) a container into which the oxygen sensitive article is dis- 
posed, the container including a component comprising 

10 i) a layer comprising an oxygen scavenger, and 

ii) a layer comprising a polymer selected from the group 
consisting of a polymer derived from a propylene monomer, a polymer 
derived from a methyl acrylate monomer, a polymer derived from a bu- 
tyl acrylate monomer, a polymer derived from a methacrylic acid 

15 monomer, polyethylene terephthalate glycol (PETG), amorphous nylon, 
ionomer, and a polymeric blend comprising a polyterpene. 

18. A method of making an article of manufacture having reduced 
migration of by-products of an oxygen scavenging reaction com- 
prising: 

20 a) providing an article comprising 

i) a layer comprising an oxygen scavenger, and 

ii) a layer comprising a polymer selected from the group con- 
sisting of a polymer derived from a propylene monomer, a polymer de- 
rived from a methyl acrylate monomer, a polymer derived from a butyl 

25 acrylate monomer, a polymer derived from a methacrylic acid monomer, 
polyethylene terephthalate glycol (PETG), amorphous nylon, ionomer, 
and a polymeric blend comprising a polyterpene; and 
b) exposing the article to actinic radiation. 



W097/32W5 



PCT/OS97y03528 



1/5 



^^" ^ I I I I I / I / 12 



10 



FIG.1 



16 



10 




^^^^^^ 



12 



FIG.2 



10 




FIG.3 



SUBSTITUTE SHEET (RULE 26) 



wo y7/32W5 PCT/US97/03528 



2/5 



41 




FIG.4 




to 



zzz 




FIG.5 

SUBSTITUTE SHEET (RULE 26) 



wo 97/32925 



PCT/US97/03528 



3/5 




0 50 100 150 200 250 300 350 400 450 



FIG.6 



6000 




0 50 100 150 200 250 300 350 400 450 500 



FIG.7 

SUBSnrUTE SHEET (RULE 2^ 




FIG.9 

SUBSTTTUTE SHEET (RULE 26) 



wo 97/32925 



PCT/US97/03528 



5/5 




INTERNATIONAL SEARCH REPORT 



tntenu* t Application No 

PCT/US 97/03528 



A. Cl^SSIHCATION OF SUBJECT MATTER 

IPC 6 C08K5/00 B32B27/18 B65D81/24 



According to International Patent QaaiAcation (IPC) or to both naiionai cJaaaificatioo and IPC 



B. FIELDS SEARCHED 



Minimuin documentation searched (danGcation system foilowtd by clasaficaiion symbols) 

IPC 6 C08K B32B B65D 



Documentation searched other than mmimum documentation to the extent that such documcnu are included in the fields searched 



Electronic daU base consulted during the mtenutional search (name of dau base and, where praetical» search lenni used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, whve appropriate, of the relevant passages 



Relevant to claim No. 



P.x 



wo 96 88371 A (CHEVRON CHEH CO) 21 March 
1996 

cited in the application 

see abstract; claims; examples 

see page 2, line 10 - line 26 

EP 0 638 487 A (TOYO SEIKAN KAISHA LTD) 15 
February 1995 

see abstract; claims; figure 1; examples 
4.6 

see page 6» line 20 - page 7, line 28 

US 5 274 024 A (KOYAMA MASAYASU ET AL) 28 
December 1993 

see abstract; figures; examples 



1-18 



1-18 



1-18 



m 



Further documents are tilted in the continuation of box C. 



m 



Patent family members are listed in annex. 



* Special categories of dted documents : 

'A' document defining the general stale of the art which is not 

considered to be of particular rdevanee 
'E' earlier document biK published on or after the international 

filing date 

'L' document which may throw doubts on priority datni(s) or 
which is dted Id establish the puUicatton date of another 
dtabon or other special icaaon (as qiedfied) 

'0' document referring to an oral disdosure, use, cxhttiitioo or 
other means 

'P* document published prior to the intenuiional fliing date but 
later than die priovity date claimed 



nr later document pubUifecd after the international filing date 
priority date and not in conflict with the anlicatton but 
ated to understand the pnndple or theory underlying ttw 
invention 

'X' document of paiticutar rdcvancc; the daimed invention 
cannot be considered novel or cannot be considered to 
involve an mventivc step when the document is taken alone 

' Y' document of particular relevance; the daimed invention 
cannot be omuidered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination bang obvious to a penon skilled 
in the ait. 

'A* document member of the same patent family 



Date of the actual completion of the iniemaiional search 



17 June 1997 



Date of mailing of the international search icport 



07. 97 



Name andmailing addrca of the ISA 

European Patent Office, P.B. 581 S Patentlaan 2 
NL . 2280 HV Rijswijk 
Td.(^31-70>34O<2O40.'nL3l 651 eponl. 
Fax: (-f^ 31-70) 340-3016 



Authorized officer 



HETTLER, R 



Form PCT/ISA/2ia (ucood theat) (July ina) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interna \ Application No 

PCT/US 97/03528 



C^Continiation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Ciiegqry * Gution of documcm. with indication, what approfinatB, of the relevant passagei 



Relevant to claim No. 



US 5 159 005 A (FRANDSEN ERIK ET AL) 27 
October 1992 

see abstract; claims; exatiples 

see column 7, line 65 - column 8, line 35 

EP 0 698 563 A (GRACE W R & CO) 28 
February 1996 

see abstract; claims; figures 
see column 4» line 8 - line 43 



1-18 



1-18 



Forni KTfSiAmo (omtinuatkM ofneon^ ihMt) IJiily 1999) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

it^onnftion on patent family monbcn 



Interna J Application No 

PCT/US 97/03528 



Patent document 


Publication 




Patent family 


Publication 


cited in search report 


date 




member(i) 


date 


WO 9608371 A 


21-03-96 


AU 


3676495 A 


29-03-96 






CA 


2199366 A 


21-03-96 


EP 0638487 A 


15-02-95 


JP 


7069380 A 


14-03-95 


US 5274024 A 


28-12-93 


JP 


2308852 A 


21-12-90 






JP 


7033475 B 


12-04-95 






AU 


634236 B 


18-02-93 






AU 


5544990 A 


18-12-90 








0428736 A 


29-05-91 






WO 


9014392 A 


29-11-90 


US 5159085 A 


27-10-92 


SE 


464086 B 


04-03-91 






AU 


616293 B 


24-10-91 






AU 


3981889 A 


05-02-90 






CA 


1338996 A 


11-03-97 






DE 


68913977 D 


21-94-94 






DE 


68913977 T 


15-09-94 






EP 


0427751 A 


22-05-91 






JP 


3505888 T 


19-12-91 






NO 


177150 B 


18-04-95 






SE 


8802610 A 


12-01-90 






WO 


9000504 A 


25-01-90 


EP 0698563 A 


28-02-96 


AU 


2845295 A 


07-03-96 






BR 


9503757 A 


16-04-96 






CA 


2156039 A 


24-02-96 






JP 


8058850 A 


05-03-96 






ZA 


9506729 A 


28-03-96 



Perm PCT/ISA/aiO (pMtni fkntty matt) (Joty IMl) 



